With the aim of knowing the effect of the whole non-volatile wine matrix composition 26 on the volatility of typical wine aroma compounds, five types of wine matrices (young 27 white, young red, oak aged red, Cava sparkling and a sweet wine) representing a wide 28 range of wine compositions, were previously deodorized and reconstituted to the same 29 ethanol concentration and aromatized with a mixture of 36 aroma compounds at 5 levels 30 of concentration. Slopes of regression lines, obtained by solid phase microextraction-31 gas chromatography-mass spectrometry, were compared to the slopes calculated for the 32 same compounds in a control wine, with no matrix effect. The main observed effect was 33 a reduction in the slopes, or a retention effect, that was larger for the reconstituted 34 sparkling wine, which showed between 11% and 69% lower slopes than the control 35 wines for compounds such as ethyl hexanoate and octanoate and the terpenic compound 36 nerol. In addition, an increase in the slope, or a "salting out" effect in the most 37 compositional complex reconstituted aged-red and sweet wines was also noticed for 38 some volatiles (2-methylbutyrate, butyl and hexyl acetate, 5-methyl furfural) with very 39 low boiling point or low hydrophobic constant values. 40 41 42
Introduction 46
Aroma is one of the main characteristics in defining the quality of wines. Therefore, perception of a wine is strongly influenced by the way indigenous aroma molecules 53 distribute between the gas and liquid phases, which is characterised by the partition 54 coefficient. Partitioning of volatile substance between the liquid and gas phases is 55 mainly governed by aroma compound volatility and solubility (Voilley, 2006) . These 56 physicochemical properties are expected to be influenced by wine constituents present 57 in the medium, such as polysaccharides, mono-and disaccharides, polyphenols and However, the effect of the whole non volatile composition from real wine matrices on 105 representative wine volatile compounds has not been study so far. Therefore, the 106 objective of this work has been to study the effect of five types of wine matrices 107 representing a wide range of wine compositions, which were previously deodorized and 108 One hundred twenty mL of each wine were deodorized by introducing the wines for 20 124 minutes in an ultrasound bath, following by the addition of 15 g of Amberlite XAD-2 125 from Supelco (Bellefonte, PA, USA) and stirring for 1h. Wines were filtered through 126 glass wool. The whole procedure was repeated twice. This procedure allowed the 127 complete elimination of all the aroma compounds in the wines (confirmed by SPME-128 GC-MS analysis). 129
Wine Reconstitution 130
Eight mL of each wine contained in 20 mL vials (Agilent Technologies, Palo Alto, CA, 131 USA) were completely dried in a lyophilizer (Labconco, KA, MS, USA). A total of 60 132 samples were prepared by using this procedure (12 per each wine type). The dried wines 133 were weight to calculate the repeatability of the liophylization process. 134
The residue after lyophilisation was reconstituted with an hydroalcoholic solution (120 135 mL L -1 ) to a final volume of 8 mL and spiked with the volatile mixture at five different 136 concentration levels (Table 1) . Duplicates of each reconstituted wines were prepared 137 following this procedure. 138
Besides the 5 types of reconstituted wine matrices, a control wine representing a sample 139 with "no matrix effect" was prepared by mixing ethanol (120 mL L -1 ), 4 g L -1 tartaric 140 acid (Panreac, Barcelona, Spain) and adjusting the pH to 3.5 with NaOH (Panreac). 141 2.3. HS-SPME procedure 142
Forty L of an internal standard solution (3,4 dimethylphenol, 400 mg L -1 ) and 2.3 g of 143 NaCl were added to each vial of reconstituted wine. Previously, different compounds 144 were essayed to be used as internal standards for this study, taking in consideration their 145 stability along the experiment (low variations in absolute areas due to wine matrix, time 146 and volatile concentrations added to the wines), therefore avoiding as much as possible, 147 the correction of the matrix effects, which was the main objective of this study. The 148 vials were sealed with PTFE/Silicon septum (Supelco). The extraction was 149 automatically performed by using a CombiPal system (CTC Analytics AG, Zwingen, 150
Switzerland) provided with a 50/30 µm DVB/CAR/PDMS fiber of 2 cm length 151 (Supelco). The samples were previously incubated for 10 minutes at 50 ºC and the 152 extraction was performed in the headspace of the vial for 30 minutes at 50 ºC. (1 ml·min -1 ). The oven temperature was programmed as follows: 40 ºC as initial 162 temperature, held for 5 minutes, followed by a ramp of temperature at 4 ºC min -1 to 163 240ºC an then held for 15 minutes. 164
For the MS system (Agilent 5973N), the temperatures of the manifold and transfer line 165 were 150 and 230 ºC respectively; electron impact mass spectra were recorded at 70 eV 166 ionization voltages and the ionization current was 10 µA. The acquisitions were 167 performed in Scan (from 35 to 450 amu) and Sim mode for some specific compounds. 168
The signal corresponding to a specific ion of quantification was calculated by the data 169 system. The comparison between the slopes for the aroma compounds in the reconstituted and 255 control wines is also shown in Table 3 . In this table, compounds in bold showed 256 statistically significant differences in the slopes between both types of wines after the 257 application of two-sample t-test. In general, in the reconstituted aged-red wine, a higher 258 number of volatile compounds showed differences in the slopes compared to the control 259 wine. The white wine showed on the contrary, the lowest differences in the slopes. 260
Besides of the type of wine matrix composition, depending on the type of aroma 261 compound more or less differences compared to the control wine were also noticed. To better understand the interaction between the aroma compounds and the non volatile 278 composition, Table 4 shows the results of the comparison of the slopes of the 279 reconstituted and control wines expressed as percentage. This value can be negative or 280 positive, depending on the slope was lower or higher, respectively, than that calculated 281 in the control wine. In this table, only those compounds, which slopes showed statistical 282 significant differences and values higher than 10% compared to the slopes in the control 283 wine, have been presented in bold. 284
As can be seen in the table, the main observed effect is a reduction in the slopes 285 volatile compounds compared to the slopes in the control wine. These differences in the 302 slopes, ranged between 12 % and 73 % lower than the control for β-citronellol and 303 vinylphenol respectively. The youngest wines, such as the white and young red wine 304 showed a smaller retention effect. Surprisingly, in spite of the higher complexity of the 305 sweet wine composition, it did not show the expected higher retention effect. It is also 306 important to underline, that the reduction in the slopes (or retention effect) noticed for 307 many volatile compounds in the reconstituted wines compared to the control wine, was 308 much higher than the reduction showed in some recent studies performed in model wine 309 systems supplemented with glucose, catechin, glycine and proline or a combination of 310 all of them (Robinson et al., 2009 ). This is indicating large differences, and possibly, an 311 undervaluation of the retention effect observed when studding wines supplemented with 312 a reduced number of matrix components compared to considering the whole and truly 313 non volatile composition of the wines. 314
In addition to the retention effect, an increase in the slope in the reconstituted wine 315 compared to the control wine was also noticed for some volatiles. This effect means an 316 increase in the volatility for some compounds in presence of specific non-volatile 317 compounds that is also called a "salting out" effect. In Table 4 , the compositional more 318 complex reconstituted aged-red wine and sweet wine seemed to induce in a higher 319 extent this effect. It is interesting to underline that this effect seems to be more evident 320 for certain esters, such as ethyl 2-methylbutyrate, butyl, and hexyl acetate, and other 321 compounds such as 5-methyl furfural, all of them are compounds with very low boiling 322 point or low Log P value ( Table 1) and a "salting out" effect (14 %) for 1-hexanol in aged-red wine was observed. In the 358 case of aromatic alcohols, β-phenylethyl alcohol and benzyl alcohol, only showed 359 retention effects in the case of sparkling wine, being more important for the more 360 hydrophobic compound, β-phenylethyl alcohol (Log P = 1.57). However, benzyl 361 alcohol (Log P = 1.08) presented a "salting out" effect for white (31 %) and aged-red 362 (17 %) wines. 363
Terpenes 364
In all the reconstituted wines, except in the white wine, most of the terpenes showed a 365 retention effect. The slopes calculated in the wines were between 13 % and 69 % lower 366 than in the control wine. The white wine however, did not show any retention effect, 367 which is in agreement with its simpler matrix composition, more similar to that of the 368 control wine. In red and sparkling wines, the cyclic terpenes, terpinen-4-ol but mainly 369 -terpineol showed a slight lower retention effect, compared to the non-cyclic ones 370 Although the main observed effect for terpenes was a retention by the non-382 volatile composition, β-citronellol in white wine, showed higher slopes in the 383 reconstituted than in the control wine, therefore an increase in its volatility or a salting 384 out effect was noticed. None explanation based on the composition parameters analysed 385 in this wine seems to explain this effect; however, other non analysed matrix chemical 386 components may be the responsible for the observed effect. 387
C13 nor-isoprenoids 388
Among the C-13 norisoprenoids studied, the most hydrophobic β-damascenone (Log P 389 = 4.21) showed the highest retention effect in all the reconstituted wines except in the 390 white wine. The retention effect was lower for the -ionone, which showed lower log P 391 value (3.85). However, β-ionone with the same Log P and boiling point than -ionone 392 did not show any significant retention effect. This is showing the great specificity for 393 some interactions between these compounds and some non volatile compounds of the 394 wine matrix. contribute to the extent of this effect. Sweet wine, with lower content of total 409 polyphenols and higher in sugars than red wines, may compensate the high retention 410 effect of polyphenols with the "salting-out" effect due to the high contents in sugars. 411
The lower retention in white wines could be due to the low concentration of 412 polyphenols found in these wines (<230 mg L -1 gallic acid). 413
Benzenic compounds 414
Methyl and ethyl vanillate showed retention effect in most of the studied wines that 415 could be due to their relative high hydrophobic constants (Log P = 1.82 and 2.32 416 respectively). However, vanillin only showed statistically significant effects for the 417 sparkling wine (40 %). The hydrophobic constant of vanillin (Log P = 1.21) is the 418 lowest of the three compounds, therefore this could be explaining the minor 419 hydrophobic interactions compared to the respective methyl and ethyl esters. 420
Lactones and furanic compounds 421
The furanic compound 5-methyl-furfural, showed in all wine matrices a salting out 422 effect, exhibiting in all cases higher slopes in the reconstituted than in the control wine. 423
This compound presented the lowest Log P value (0.63) from all the volatile 424 compounds under study. In addition this compound exhibited a "salting out" effect 425 independently on the wine type, thus confirming the great importance of the 426 hidrophobicity of the molecule in explaining the retention effects with the non volatile 427 wine matrix compounds. The behaviour of both whiskey lactones was barely similar in 428 red and sparkling wines, showing a slight retention effect (9-21 %). On the contrary, 429
trans-whiskeylactone (15 %) showed a slight "salting out" effect in the white wine. 430
Acids 431
Only the behaviour of octanoic acid was studied. This compound exhibited a relatively 432 high hydrophobicity (Log P = 3.03), but only presented statistically significant effects 433 in white and sweet wines. In both wines a "salting out" effect was observed, showing an 434 increase in its slope between 46-47 % compared to the control wine. Although in the 435 case of sweet wine, the higher amount of sugars might be the responsible for the 436 observed effect, in the case of white wines, none explanation based on the composition 437 parameters analysed seems to explain this effect. showing a separation between wines because of their differences in the non-volatile 470 matrix composition. In addition those volatile compounds positively and negatively 471 correlated to PC1 showed the highest differences in behaviour depending on the matrix 472 composition. PC2, showed, however, higher differences between white and control 473 wines from the rest of the wine types. All the volatile compounds associated to PC2 474 showed a very different behaviour in white wine than in the other four types of wines. 475
While volatile compounds positively correlated to PC2 showed none or a "salting out" 476 effect in the white wine, they showed the opposite effect on the other four matrices. On 477 the contrary, ethyl 2-methylbutyrate and isobutyl acetate, negatively associated to PC2 478 showed a slight retention effect in the white wine, and the opposite effect in the other 479 four types of wines. Therefore, PCA evidences specific aroma compounds which 480 behaved more differently depending on the matrix composition, in which the white 481 wine, compositionally more similar to the control wine, showed the highest differences 482 towards the aroma compounds compared to the other four matrices. 483 484
Conclusions 485
This study has shown that the non volatile composition of wines strongly influences the 486 volatility of wine aroma compounds. Two opposite effects, a retention effect, therefore 487 a decreasing in the amount of aroma in the headspace and a "salting out" effect, 488 meaning an increase in the volatility of some aroma compounds were observed 489 depending on the non volatile matrix composition. In addition, the aroma chemical class 490
and mainly its physicochemical properties (volatility and Log P value) strongly 491 influence this behaviour. On the basis of our results, many odour threshold values 492 
